The newly discovered alkali-doped iron selenide superconductors 1,2 not only reach a superconducting transition temperature as high as 32 K, but also exhibit several unique characters that are noticeably absent in other iron-based superconductors, such as antiferromagnetically ordered insulating phases 3, 4 , extremely high Neel transition temperatures 5, 6 , and the presence of intrinsic Fe vacancies and ordering [7] [8] [9] . These features have generated considerable excitements as well as confusions, regarding the delicate interplay between Fe vacancies, magnetism and superconductivity [10] [11] [12] , on which there is no consensus to date. Here we report on molecular beam epitaxy (MBE) growth of high-quality K x Fe 2-y Se 2 thin films and in situ low-temperature scanning tunneling microscope (STM) measurement of their atomic and electronic structures. We unambiguously demonstrate that a K x Fe 2-y Se 2 sample contains two distinct phases: an insulating phase with well-defined 5 5 order of Fe vacancies, and a superconducting KFe 2 Se 2 phase containing no Fe vacancies. We further show that the vacancy and magnetism are strongly coupled and an individual Fe vacancy can locally destroy superconductivity in a similar way as a magnetic impurity in conventional superconductors. The measurement of magnetic field dependence of the Fe-vacancy-induced bound states explicitly reveals a hidden magnetically-related bipartite order in the tetragonal iron lattice. These findings elucidate the existing controversies on this new superconductor and provide atomistic information on understanding the interplay between magnetism and superconductivity in iron-based superconductors.
Our experiments were conducted in a Unisoku ultra-high vacuum (UHV) low temperature (down to 0.4 K) STM equipped with an MBE chamber for thin film growth. Magnetic field up to 11 T can be applied perpendicular to the sample surface.
We grew K Fig. 1A ), the substrate was held at 440°C during growth and the sample was subsequently annealed at 470°C for three hours. The K flux is relatively flexible, which determines the area ratio of two different phases as shown below. The STM image in Here the anisotropic coherence lengths ab~2 nm and c~0 .5 nm can be estimated by the upper critical fields 21, 22 in the a-b plane and along the c direction using H c2 ab = 0 /2 ab c and H c2 c = 0 /2 ab 2 , respectively. On the other hand, the penetration depth 23 of the material is much larger than the sample size. Under this circumstance, the magnetic field is essentially uniform in a sample. Different from our previous work on FeSe 13 , no vortex core has been resolved in the zero-bias conductance map of KFe 2 Se 2 probably due to the large penetration depth. However, the effect of magnetic field on superconductivity in KFe 2 Se 2 is still clearly manifested in STS. Magnetic field breaks time-reversal symmetry and weakens superconductivity, giving rise to a reduction in the height of coherence peak in DOS (see fig. S2 ).
Because of the good sample quality, the superconducting gap exhibits high spatial homogeneity, as shown in Figs. 1G and 1H. Previous studies of iron-based superconductors usually suffer from various imperfections in the materials 24 . It is therefore very crucial to prepare high-quality samples. As mentioned above, we solved this problem by MBE growth under well-controlled conditions (see also Ref.
13). In addition, surface contamination is avoided since our film growth and STM study were conducted in a single UHV system. More significantly, by growing films with (110)-oriented crystallographic surface where both K and Se atoms are exposed,
we have realized the cross-sectional tunneling configuration. Such configuration for unconventional superconductors has been highly desirable, but very challenging to achieve due to the difficulty in preparing a suitable surface for STM studies 25 .
Now we turn to region II, which shows periodic stripe pattern (Fig. 1B) . The STS in Fig i.e., an electron-like bound state at 1.9 mV and a hole-like bound state at -1.9 mV.
While the energies of the electron-like and hole-like states are symmetric with respect to zero bias, their amplitudes are different as a result of on-site Coulomb interaction 29 .
The spatial extent of a resonance peak as shown in the dI/dV mapping (Fig. 3D) The spectrum itself does not provide direct information on the orientation of magnetic moment.
To reveal the spin orientations of the two types (A and B) of vacancies, we apply a magnetic field perpendicular to the sample surface to break the rotational symmetry.
To date, the magnetic field effect on defect-induced subgap resonance has not been We have demonstrated that a single Fe vacancy locally suppresses Cooper pairing.
The role of Fe vacancies in the superconducting phase has been rather controversial in previous studies. For example, some experiment suggested that randomly distributed vacancies may help to stabilize the superconducting state 12 . To further elucidate the effect of Fe vacancies on superconductivity, we prepared samples with higher density of randomly distributed vacancies (see Fig. 4A ) by UHV annealing. The STS in Fig.   4B shows that a sample with high density of vacancies eventually becomes a gapless superconductor. Therefore the Fe vacancies are always destructive to superconductivity in KFe 2 Se 2 . 
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